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Femtosecond Förster Energy Transfer 
over 20 Ä in Phycoerythrocyanin (PEC) Trimers 
L.O. Palsson1, T. Gillbro1, A. Sharkov1, R. Fischer2, and i f . Scheer2 
department of Physical Chemistry, University of Umea, 
S-901 87 Umea, Sweden 
2Botanisches Institut der Universität München, 
W-8000 München, Fed. Rep. of Germany 
Energy t r a n s f e r between v i o l o b i l i n (a-84) and phycocyanin (ß-84) 
chromophores i n phycoerythrocyanin t r i m e r s from Mastigocladus 
laminosus o c c u r s i n 400 f s i n d i c a t i n g a Förster-type energy t r a n s f e r 
over 20 A. 
I n t r o d u c t i o n . 
Phycobilisomes c o n s t i t u t e the antenna f o r capture of l i g h t enrgy and 
are a c t i v e i n the subsequent t r a n s f e r of the e x c i t a i o n energy to the 
r e a c t i o n c e n t e r s i n red a l g e a and c y a n o b a c t e r i a . The phycobilisome 
c o n t a i n s chromophores of s e v e r a l d i f f e r e n t types and thus have the 
c a p a c i t y to absorbe l i g h t of d i f f e r e n t wavelengths. T h i s enables the 
organism to h a r v e s t l i g h t energy and grow i n d i f f e r e n t r a d i a t i o n 
environments. Thus f a r only a few p h o t o s y n t h e t i c antenna complexes have 
been c r y s t a l l i z e d and t h e i r s t r u c t u r e determined. One example of a 
h i g h l y r e s o l v e d s t r u c t u r e i s the phycoreythrocyanin antenna complex 
i s o l a t e d from phycobilisomes of Mastigocladus laminosus [ 1 ] . In t h i s 
work the p o s i t i o n s and o r i e n t a t i o n s of the three chrompohores (a-84, 
ß-84 and ß-155) were determined. The c l o s e s t c o ntact i s between the 
a-84 ( v i o l o b i l i n ) and ß-84 (phycocyanin) chromophores with a 
c e n t e r - t o - c e n t e r d i s t a n c e of 19 A. The α-chomophores i s supposed to 
absorbe s t r o n g l y about 572 nm, w h i l e the ß-subunit absorbes a t longer 
wavelengths, i . e . about 592 nm ( 2 ] , 
R e s u l t s and d i s c u s s i o n . 
E x c i t i n g a t 575 nm usi n g c a v i t y dumped compressed p u l s e s , FWHM ~ 50 f s 
we r e s o l v e a very f a s t 400 f s p a r t i a l recovery of the bleaching 
s i g n a l . T h i s i n d i c a t e s an u l t r a f a s t energy t r a n s f e r from a-84 to a 
r e d - s h i f t e d ß-chromophore. The process we observe i s a c t u a l l y an 
e q u l i b r a t i o n of the e x c i t a t i o n energy between these chromophores. A 
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F i g . Absorption recovery a t 575 nm and a t 600 nra. 
s i m i l a r but r e v e r s e d 400 f s process i s observed i f we e x c i t e a t 600 nm 
(mainly /3-chromophores). I n t h i s case a slow recovery of the t r a n s i e n t 
b l e a c h i n g i s estimated to occur i n about 50 ps i s observed as w e l l . 
From the c r y s t a l s t r u c t u r e and an estimated Förster r a d i u s (R q) of 
60-70 A f o r t h i s sub picosecondenergy t r a n s f e r we c a l c u l a t e a t r a n s f e r 
r a t e , k, of 
τ 978 ns 
where τ - 2.0 ns, κ = -1.10, R = 65 A and R = 19 A , For the 
ο 
e q u i l i b r a t i o n p r o c e s s Zk £ 1950 ns , g i v i n g a l i f e t i m e of about 500 
f s i n f a i r agreement w i t h the experimental r e s u l t s . T h e r e s u l t s 
r e p o r t ed here a r e a l s o c o n s i s t e n t w i t h r e c e n t work on a l l o p h y c o c y a n i n 
and c-phycocyanin t r i m e r s [ 3 , 4 ] . 
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